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11 


ELECTRICITY AND POWER 
SUPPLIES 


In this chapter, you will learn: 


How electricity is measured 
How to measure the voltage output of the power supply 
How to change a power supply 
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How a computer system can be protected from damaging changes 
in electrical power 


Fe chapters discussed most hardware components of the computer except 
the power supply, which provides the power to all other components inside 
the computer case. To troubleshoot problems with the power system of a PC, you 
need a basic understanding of electricity. This chapter begins by discussing how 
to measure electricity, and the form in which it comes to you as house current. 
The chapter then addresses the power supply, how to measure its output, and how 
to change a defective power supply. Lastly, the chapter considers backup power 
sources so that you understand what to look for when buying one to protect your 
computer system from electrical variations and outages. 
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INTRODUCTION TO BASIC ELECTRICITY 


To most people, volts, ohms, watts, and amps are vague, ambiguous words that simply mean 
electricity. If these terms are mysterious to you, they will become clear in this section as elec- 
tricity is discussed in nontechnical language, using simple analogies. 

Electricity is energy; water is matter. However, the two have enough in common to make some 
analogies. Consider Figure 11-1.The water system shown in Part (a) is closed, that is, the amount 
of water in the system remains the same because no water enters and no water leaves the sys- 
tem.The electrical system in Part (b) is similar in several respects. Think of electricity as a stream 
of tiny charged particles (electrons) that flow like water along the path of least resistance. 
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Figure 11-1 Two closed systems: a) water system with pump, wheel, and pool; b) electrical 
system with battery and light bulb 


Water flows down because of the law of gravity, and electricity flows from negative to pos- 
itive because of the law of like charges repelling one another. The water pump produces 
water pressure in the system by lifting the water, and a battery produces electrical pressure in 
the system by creating a buildup of negative charges in one location (in the form of elec- 
trons) that are driven to move. This difference in charge, which is similar to water pressure 
in a water system, is called potential difference. Water seeks a place of rest, moving from a 
high to a low elevation, and electrons seek a place of rest by moving from a negatively 
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charged location (called “hot”) to a positively charged location (called “ground”’). In the fig- 
ure, as the water flows through the closed system, some of its force is harnessed by the water 
wheel and is converted to a form of energy, motion. Also in the figure, as the electrons flow 
in the closed electrical system, some of the force of the moving electrons is harnessed by the 
light bulb and converted to another form of energy, light. Once the water returns to the pool, 
water pressure decreases and the water is at rest, and, once the electrons arrive at the positive 
side of the battery, electrical potential difference decreases and the system is at rest. 


When speaking of electron flow, the flow is from the hot point or negative terminal to 
tm the ground or positive terminal. Because early theories of electricity assumed that elec- 
tricity flowed from positive to negative, most electronics books show the current flow 


from positive to negative. This method is called conventional current flow and, if it were 
used in Figure 11-1, the positive and negative symbols would be reversed in the figure. 


Electricity is energy that has properties that can be measured in various ways. The descrip- 
tion above (of an electrical system that includes a battery and a light bulb) illustrates some 
simple principles of how electricity works that apply to the most complex electrical systems. 
We next use this simple electrical system to define four properties of electricity, all of which 
can be measured (see Table 11-1). 


ree Table 11-1 The measures of electricity 


Unit An Example as Applied to a Computer 


Volts Abbreviated as V (for example, An AT power supply supplies four 
(measures 110 V). Volts are measured by separate voltages: +12 V, -12 V, +5 V, 
potential finding the potential difference -5 V. An ATX power supply supplies 
difference) between the electrical charges on | these and also 3.3 V. 


either side of an electrical device 
in an electrical system. 


Amps or Abbreviated as A (for example, A 17-inch monitor requires less than 
Amperes 1.5 A). Amps are measured by 2 A to operate. A small laser printer 
(measures placing an ammeter in the flow of | uses about 2 A. A CD-ROM drive uses 
electrical current) | current and measuring that current. | about 1 A. 


Ohms (measures | Abbreviated with the symbol Q Current can flow in typical computer 
resistance) (for example, 20 Q). Devices are | cables and wires with a resistance of 


rated according to how much less than 20 ohms. This condition of 
resistance they offer to electrical low resistance that allows current to 
current. The ohm rating of a flow is called continuity. 


resistor or other electrical device 
is often written somewhere on 
the device. The resistance of a 
device is measured when the 
device is not connected to an 
electrical system. 


Watts Abbreviated W (for example, A computer power supply is rated at 
(measures 20 W).Watts are calculated by 200 to 600 watts. 


power) multiplying volts by amps. 
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Voltage 


The first measure of electricity listed in Table 11-1 is potential difference. First consider how 
to measure the water pressure. If you measure the pressure of the water directly above the 
water wheel, and then measure the pressure just as the water lands in the pool, you find that 
the water pressure above the wheel is greater than the water pressure below it. 


Now consider the electrical system. If you measure the electrical charge on one side of the 
light bulb and compare it to the electrical charge on the other side of the bulb, you see a dif- 
ference in charge. The potential difference in charge creates an electrical force that drives the 
electrons through the system between two points, and is called voltage, which is measured 
in units called volts. 


In Figure 11-2, the leads of a voltmeter, a device for measuring electrical voltage, are placed 
on either side of a light bulb that is consuming some electrical power. The potential differ- 
ence between the two points on either side of the device is the voltage in the closed system. 
Voltage is measured when the power is on. 


12 volt 


Figure 11-2 A voltmeter measuring the voltage across a bulb and a battery 


Amps 


The volume of electrons (or electricity) flowing through an electrical system is called current. 
Look back at Figure 11-1.The volume or amount of water flowing through the water system 
does not change although the water pressure changes at different points in the system. To mea- 
sure that volume, you pick one point in the system and measure the volume of water that 
passes through that point over a period of time. The electrical system is similar. If you mea- 
sure the number of electrons, or electrical current, at any point in this system, you find the 
same value as at any other point because the current is constant throughout the system. (This 
assumes that there is only a single pipe or a single wire in the entire closed water or electri- 
cal system.) Electrical current is measured in amperes, abbreviated amps. Figure 11-3 shows 
the measuring device called an ammeter, which measures electrical current in amps. You 
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place the ammeter in the path of the electrical flow so that the electrons must flow through 
the ammeter. The measurement is taken with the power on and might not be completely 
accurate because the ammeter can influence the circuit. 


12 volt 


Figure 11-3 Battery and bulb circuit with ammeter in line 


measuring amps to make sure it can handle the flow of electricity. More flow than the 
ammeter is designed to handle can blow the meter's fuse. 


Because the current flows through an ammeter, check the rating of the ammeter before 


The Relationship Between Voltage and Current 


Refer again to the water system in Figure 11-1. To increase the volume of water flowing 
through the system, you increase the difference in water pressures between the low and high 
points (which is referred to as the pressure differential). As the pressure differential increases, 
the water flow or current increases, and as the water pressure differential decreases, the water 
flow or current decreases. Another way of saying this is: there is a direct relationship between 
pressure differential and current. An electrical system has the same relationship. As the elec- 
trical potential difference (or voltage) increases, the electrical current increases; as the voltage 
decreases, the current decreases. There is a direct relationship between voltage and current. 


Ohms 


Suppose you are working your water pump to full capacity. If you still want to increase the 
overall power of your water system so the wheel turns faster to produce more mechanical 
energy, you can decrease the resistance to water flow, which allows more water to flow to 
push the wheel faster. You might use a larger pipe, a lighter water wheel, or, if the system has 
a partially open water valve, you can open the valve more, all of which would lower resis- 
tance to water flow. As resistance decreases, current increases. As resistance increases (smaller 
pipes, heavier wheel, partially closed valve), current decreases. 
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Similarly, resistance in an electrical system is a property that opposes the flow of electricity. 
As the electrical resistance increases, the electricity decreases. As the resistance decreases, the 
electricity increases. When there is more resistance to the flow of electricity, the flow of elec- 
trons decreases. Also, when too much electricity flows through a wire, heat energy is created 
in the wire (similar to friction). This heat energy can cause the wire to melt or burn, which 
can result in an electrical fire, just as too much water current in a pipe can cause it to burst. 
Reducing the size of a wire reduces the amount of electricity that can safely flow through. 
Electrical resistance is measured in ohms. 


Resistors are devices used in electrical circuits to resist the flow of electricity. (Sorry, I 
couldn’t resist saying that!) Resistors control the flow of electricity in a circuit, much as par- 
tially closed valves control the flow of water. 


Relationships Among Voltage, Current, and Resistance 


Voltage and current have a direct relationship. This means that when voltage increases, current 
increases. Resistance has an inverse relationship between voltage and current. This means that 
as resistance increases, either current or voltage decreases. As resistance decreases, either cur- 
rent or voltage increases. This last statement is known as Ohm’s Law. A similar statement 
defines the relationship among the units of measure—volts, amps, and ohms. One volt drives 
a current of one amp through a resistance of one ohm. 


Wattage 


Our discussion of electricity would not be complete without covering one last measure of 
electricity. Wattage is the total amount of power needed to operate an electrical device. 
When thinking of the water system, you recognize that the amount of water power used to 
turn the water wheel is not just a measure of the water pressure that forces current through 
the system. The amount of power is also related to the amount of water available to flow. For 
a given water pressure, you have more power with more water flow and less power with less 
water flow. A lot of power results when you have a lot of pressure and a lot of current. 


As with the water system, electrical power increases as both voltage and current increase. 
Wattage, measured in watts, is calculated by multiplying volts by amps in a system. 


AC and DC Current 


Electricity can be either AC, alternating current, or DC, direct current. Alternating current 
(AC) is current that cycles or oscillates back and forth rather than traveling in only one direc- 
tion. House current in the U.S. oscillates 60 times in one second (60 hertz), changing polarity 
from +110V to —110V, and causing current to flow in different directions depending on 
whether it’s positive or negative in the cycle. AC current is the most economical way to trans- 
mit electricity to our homes and workplaces. Alternating current can be forced to travel great 
distances by decreasing current and increasing voltage (high pressure and low volume). When 
it reaches its destination, the voltage can be decreased and the current increased (low pressure 
and high volume) to make it more suitable for driving our electrical devices. 
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Direct current (DC) travels in only one direction and is the type of current required by 
most electronic devices, including a computer. A rectifier is a device that converts alternat- 
ing current to direct current. A transformer is a device that changes the ratio of current to 
voltage. Large transformers are used to reduce the high voltage on power lines coming to your 
neighborhood to a lower voltage before entering your home. Because the transformer does 
not change the amount of power in this closed system, if it decreases voltage, then it increases 
current. The overall power stays constant, but the ratio of voltage to current changes. 


A computer power supply changes and conditions the house electrical current in several 
ways, functioning as both a transformer and a rectifier (see Figure 11-4). It steps down the 
voltage from the 110-volt house current to 3.3, 5, and 12 volts or to 5 and 12 volts, and 
changes incoming alternating current to direct current, which the computer and its periph- 
erals require. The monitor, however, receives the full 110 volts of AC current, converting that 
current to DC. 


Recall that direct current flows in only one direction, from hot to ground. For a PC, a line 
may be either +5 or —5 volts in one circuit, or +12 or —12 volts in another circuit, depend- 
ing on whether the circuit is on the far or near end of the power output (the hot point). 
Several circuits coming from the power supply accommodate different devices with different 
power requirements. 
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Figure 11-4 ATX power supply with connections 


Hot, Neutral, and Ground 


When AC current comes from the power station to your house, it travels from the power 
source at the power station to your house on a hot line and completes the circuit from your 
house back to the power source on a neutral line, as seen in Figure 11-5.When the two lines 
get to your house and enter an electrical device, such as a lamp or radio, the electricity flows 
through the device to complete the circuit between the hot line and the neutral line. The 
device contains resistors and other electrical components that control the flow of electricity 
between the hot and neutral lines. The hot source is seeking ground and finds that by return- 
ing to the power station on the neutral line. 
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Hot contacts neutral 
in the lamp 


Power station 


Figure 11-5 Normally hot contacts neutral to make a closed circuit in the controlled 
environment of an electrical device such as alamp. An out-of-control contact 
is called a short, and the flow of electricity is then diverted to the ground. 


A short circuit, or a short, occurs when the electricity is allowed to flow uncontrolled from 
the hot line to the neutral line or from the hot line to ground. Electricity naturally finds the 
easiest route to ground. Normally that path is through some device that is controlling the 
current flow and then back through the neutral line. If an easier path (one with less resis- 
tance) is available, the electricity follows that path. This can cause a short, a sudden increase 
in flow that can create a sudden increase in temperature, which can start a fire and injure 
both people and equipment. Never put yourself in a position where you are the path of least 
resistance between the hot line and ground! 


A fuse is a component included in a circuit and designed to prevent too much current from 
flowing through the circuit.A fuse is commonly a wire inside a protective case, which is rated 
in amps. If too much current begins to flow, the wire gets hot and eventually melts, break- 
ing the circuit and stopping the current flow. Many devices have fuses, which can be easily 
replaced when damaged. You will learn to test a fuse later in the chapter. 


To prevent the uncontrolled flow of electricity from continuing indefinitely, which can hap- 
pen because of a short, the neutral line is grounded. Grounding a line means that the line is 
connected directly to the earth so that, in the event of a short, the electricity flows into the 
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earth and not back to the power station. The grounding serves as an escape route for out- 
of-control electricity. The earth is considered to be at no particular state of charge and always 
capable of accepting a flow of current. 


The neutral line to your house is grounded many times along the way (in fact at each elec- 
trical pole) and is also grounded at the breaker box where the electricity enters your house. 
You can look at a three-prong plug and see the three lines, hot, neutral, and ground (see 
Figure 11-6). Generally, electricians use green or bare wire for the ground wire, white for 
neutral, and black for hot in home wiring for 110 volt circuits. In a 220-volt circuit, black 
and red are hot, white is neutral, and green or bare is ground. To verify that a wall outlet is 
wired correctly, use a simple receptacle tester as shown in Figure 11-7. 


Neutral 


Hot 


Ground 


Figure 11-6 A three-prong plug showing hot, neutral, and ground 


Beware of the different uses of black wire. In PCs, black is used for ground, but in home 
tm wiring, black is used for hot! 
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Figure 11-7 Use a receptacle tester to verify hot, neutral, and ground are wired correctly 


It’s very important that PC components be properly grounded. Never connect a PC to an 
outlet or use an extension cord that doesn’t have the third ground plug. The third line can 
prevent a short from causing extreme damage. In addition, the bond between the neutral and 
ground also helps eliminate electrical noise (stray electrical signals) within the PC sometimes 
caused by other electrical equipment sitting very close to the computer. This electomagnetic 
interference is covered later in the chapter. 


Even though you might have a three-prong outlet in your home, the ground plug might not 
tm be properly grounded. To know for sure, test the outlet with an inexpensive outlet tester. 


Some Common Electronic Components 


A | A PC contains many electronic components. It’s interesting to understand what basic elec- 
1.1) tronic components make up a PC and how they work. Basic electrical components in a PC 
include transistors, capacitors, diodes, and resistors. Figure 11-8 shows the symbols for these 

four components. Materials used to make these and other electrical components can be: 


a Conductors. Material that easily conducts electricity such as gold or copper 
a Insulators. Material that resists the flow of electricity such as glass or ceramic 


a Semiconductors. Material such as silicon with an ability to conduct electricity 
that falls between that of conductors and insulators 
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Figure 11-8 Symbols for some electronic components and ground 


A transistor is an electronic device that can serve as a gate or switch for an electrical signal 
and can amplify the flow of electricity. Invented in 1947, the transistor is made of three layers 
of semiconductor material. A charge (either positive or negative, depending on how the tran- 
sistor was designed) placed on the center layer can cause the two outer layers of the transistor 
to complete a circuit to create an “on” state. An opposite charge placed on the center layer can 
cause the reverse to happen, causing the transistor to create an “off” state. By manipulating these 
charges to the transistor, it can be used to hold a logic state, either on or off (translated to 0 or 
1 in binary). When the transistor is maintaining this state, it requires almost no electrical power. 
Because the initial charge sent to the transistor is not as great as the resulting current created 
by the transistor, sometimes a transistor is used as a small amplifier. The transistor is the basic 
building block of an integrated circuit (IC) that is used to build a microchip. 


A capacitor is an electronic device that can hold an electrical charge for a period of time 
and is used to smooth out the uneven flow of electricity through a circuit. Capacitors inside 
a PC power supply create the even flow of current needed by the PC. Capacitors maintain 
their charge long after current is no longer present, which is why the inside of a power sup- 
ply can be dangerous even when it is unplugged. 


A diode is a semiconductor device that allows electricity to flow in only one direction. (A tran- 
sistor contains two diodes.) One to four diodes used in various configurations can be used to 
convert the AC to DC. Singularly or collectively, depending on the configuration, these diodes 
are called a rectifier. 


As explained above, a resistor is an electronic device that limits the amount of current that 
can flow through it. 


ESD and EMI 


+CORE 
3.2, 


Recall that ESD (electrostatic discharge) is a brief flow of electricity caused by two objects 
that have a difference in voltage potential coming in contact with one another. Now that 
you better understand the concept of grounding, you can see why it is important that you 
be grounded before you work with computer components. If both you and the component 
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you are going to work with are grounded, then there will be no potential voltage difference 
between you and the component, and no electrical discharge will occur when you touch it. 


There are exceptions to the rule of always being grounded when you work with PCs. You 
don’t want to be grounded when working inside a monitor or with a power supply. These 
devices maintain high charges of electricity, even when the power is turned off. Don’t wear 
a ground bracelet when working inside these devices, because you don’t want to be the 
ground for these charges! 


Another problem with computers that can be caused by electricity is electromagnetic 
interference (EMI). EMI is caused by the magnetic field that is produced as a side effect 
when electricity flows. EMI in the radio frequency range is called radio frequency interfer- 
ence (RFI), which can cause problems with the radio and TV reception. Data in data cables 
that cross this magnetic field can become corrupted, which is called crosstalk. Crosstalk is 
partly controlled by using shielded data cables covered with a protective material. Power sup- 
plies are also shielded to prevent them from emitting EMI. PCs can also emit EMI to other 
nearby PCs, which is one reason a computer needs to be inside a case, and the case should 
not have holes—so always install face plates in empty drive bays or over empty expansion slots. 


If a PC persists in giving mysterious, intermittent errors, one thing to suspect is EMI. Try 
moving the PC to a new location. If the problem persists, try moving it to a location that 
uses an entirely different electric circuit. One simple way to detect the presence of EMI is 
to use a small inexpensive AM radio. Turn the tuning dial away from a station into a low- 
frequency range. With the radio on, you can hear the static produced by EMI. Try putting 
the radio next to several electronic devices to detect the EMI they emit. 


If EMI in the electrical circuits coming to the PC is a significant problem, you can use a line 
conditioner that filters out the electrical noise causing the EMI. Line conditioners are dis- 
cussed later in the chapter. 


MEASURING THE VOLTAGE OF A POWER SUPPLY 


If you suspect a problem with a power supply, one thing you can do is measure the voltage 
output.When a power supply is working properly, voltages all fall within an acceptable range 
(plus or minus 10%). However, be aware that even if measured voltage is within the appro- 
priate range, a power supply can still cause problems. This is because problems with power 
supplies often come and go. Therefore, if the voltages are correct, you should still suspect the 
power supply to be the problem when certain symptoms are present. To learn for certain 
whether the power supply is the problem, replace it with a unit you know is good. 


Using a Multimeter 


rene 
2.1 


A voltmeter measures the difference in electrical potential between two points in volts, and 
an ammeter measures electrical current in amps. Figure 11-9 shows a multimeter, which 
can be used as either a voltmeter or an ammeter, or can measure resistance or continuity (the 
presence of a complete circuit), depending on a dial or function switch setting. Less expen- 
sive multimeters commonly measure voltage, resistance, and continuity, but not amps. 
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A Measure voltage and amps while the electricity is on. Measure resistance and continuity 
2.1 while the electricity is off. For the specific details of how to use your multimeter, consult the 
manual, which explains what you can measure with the multimeter and how to use it. 


Data hold switch 
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To measure AC voltage 
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To measure continuity 


Function switch 


To measure DC voltage 


Figure 11-9 A digital multimeter 


A multimeter can provide either a digital or an analog display. A digital display shows the 
readings as digits displayed on an LCD (liquid crystal display) panel. A digital multimeter is 
sometimes called a DMM (digital multimeter) or a DVM (digital voltage meter). An analog 
display shows the readings as a needle moving across a scale of values. Multimeters are some- 
times small portable battery-powered units. Larger ones are designed to sit on a countertop 
and are powered by a wall outlet. 


When you use a multimeter, you must tell it three things before you begin: (1) what you 
want it to measure (voltage, current, or resistance), (2) whether the current is AC or DC, and 
(3) what range of values it should expect. If you are measuring the voltage output from a 
wall outlet (110-120 V), the range should be much higher than when measuring the volt- 
age output of a computer power supply (3-12 V). Setting the range high assures you that the 
meter can handle a large input without pegging the needle (exceeding the highest value that 
the meter is designed to measure) or damaging the meter. However, if you set the range too 
high, you might not see the voltage register at all. Set the range low enough to assure you 
that the measure is as accurate as you need, but not so low as to be less than the expected 
voltage. When you set the range too low on some digital multimeters, the meter reads OL 
on the display. 
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For example, to measure the voltage of house current, if you expect the voltage to be 115 volts, 
set the voltage range from 0 to somewhere between 120 and 130 volts. You want the high 
end of the range to be slightly higher than the expected voltage. Most meters do not allow 
a very large voltage or current into the meter when the range is set low to protect the meter. 
Some multimeters are autorange meters, which sense the quantity of input and set the 
range accordingly. 


A meter comes with two test probes. One is usually red and the other black. Install the red 
probe at the positive (+) jack on the meter and the black probe at the negative (—) jack. 


To measure voltage, place the other end of the black probe at the ground point and the other 
end of the red probe at the hot point, without disconnecting anything in the circuit and with 
the power on. For example, to measure voltage using the multimeter in Figure 11-9, turn 
the function switch dial to DCV for DC voltage measurement. This meter is autoranging, 
so this is all that needs to be set. With the power on, place the two probes in position and 
read the voltage from the LCD panel. The DATA-H switch (data hold) allows you to freeze 
the displayed reading. 


To measure current in amps, as in Figure 11-3, the multimeter itself must be part of the cir- 
cuit. Disconnect the circuit at some point so that you can connect the multimeter in line to 
find a measure in amps. Not all multimeters can measure amps. 


You can also use a multimeter to measure continuity, which indicates if there is little or no 
resistance (less than 20 ohms gives continuity in a PC) in a wire or a closed connection 
between two points, meaning that the path for electricity between the two points is unhin- 
dered or “continuous.” This measurement is taken with no electricity present in the circuit. 


For example, if you want to know that pin 2 on one end ofa serial cable is connected to pin 3 
on the other end of the cable, set the multimeter to measure continuity, and work without the 
cable being connected to anything. Put one probe on pin 2 at one end of the cable and the 
other probe on pin 3 at the other end. If the two pins connect, the multimeter indicates this 
with a reading on the LCD panel, or a buzzer sounds (see the multimeter documentation). In 
this situation, you might find that the probe is too large to extend into the pinhole of the female 
connection of the cable. A straightened small paper clip works well here to extend the probe. 
However, be very careful not to use a paper clip that is too thick and might widen the size of 
the pinhole, which can later prevent the pinhole from making a good connection. 


To determine if a fuse is good, you actually measure continuity. With a multimeter set to 
measure continuity, place its probes on each end of the fuse. If the fuse has continuity, then 
it is good. If the multimeter does not have a continuity setting, set it to measure resistance. 
If the reading in ohms is approximately zero, there is no resistance and the fuse is good. If 
the reading is infinity, there is infinite resistance and the fuse is blown and should not be used. 


How to Measure the Voltage of a Power Supply 


To determine that a power supply is working properly, measure the voltage of each circuit 
supported by the power supply. First open the computer case and identify all power cords 
coming from the power supply. Look for the cords from the power supply to the system board 
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and other power cords to the drives. Follow the directions described in the next section to 
measure the voltage of the power supply output to the system board (see Figure 11-10). 


Probes 


Multimeter 


Power supply 


Hard drive connection 


Unused miniature power 
connector for floppy drive 


System board 


P8 and P9 


Figure 11-10 Multimeter measuring voltage on an AT system board 


are Testing the Power Output of the Power Supply 


The computer must be turned on to test the power supply output. Be very careful not to 
touch any chips or disturb any circuit boards as you work.The voltage output from the power 
supply is no more than 14 volts, which is not enough to seriously hurt you if you acciden- 
tally touch a hot probe. However, you can damage the computer if you are not careful. 


You can hurt yourself if you accidentally create a short circuit from the power supply to 
ground through the probe. If you touch the probe to the hot circuit and also to ground, the 
current is diverted from the computer circuit and through the probe to ground. This short 
might be enough to cause a spark or to melt the probe, which can happen if you allow the 
two probes to touch each other while one of them is attached to the hot circuit and the 
other is attached to ground. Make sure the probes only touch one metal object, preferably 
only a single power pin on a connector, or you could cause a short. 


Because of the danger of touching a hot probe to a ground probe, you might prefer not to 
put the black probe into a ground lead that is too close to the hot probe. Instead, when the 
directions say to place the black probe on a lead that is very close to the hot probe, you can 
use a black wire lead on an unused power supply connection meant for a hard drive. The 
idea is that the black probe should always be placed on a ground or black lead. 
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All ground leads are considered at ground, no matter what number is assigned that lead. 
Therefore, you can consider all black leads to be equal. For an AT system board, the ground 
leads for P8 and P9 are the four black center leads 5, 6,7, and 8. For an ATX system board, 
the ground leads are seven black leads in center positions on the ATX P1 power connector. 
The ground leads for a hard drive power connection are the two black center leads, 2 and 3. 


We first discuss how to measure the power output for AT and ATX system boards and then 


for a secondary storage device. 


Measuring Voltage Output to an AT System Board 


1. Remove the cover of the computer. The voltage range for each connection is 
often written on the top of the power supply. The two power connections to the 
system board are often labeled P8 and P9. Figure 11-11 shows a closeup of the 
two connections, P8 and P9, coming from the power supply to the system board. 
Each connection has six leads, for a total of 12 leads. Of these 12, four are ground 
connections, and lead 1 is a “power good” pin, used to indicate that the system 
board is receiving power. A common arrangement for these 12 leads is listed in 


Table 11-2. 


Table 11-2 Twelve leads to the AT system board from the AT power supply 


“Power Good" 


Acceptable Range 


Not used or +5 volts 


+4.4 to +5.2 volts 


+12 volts 


+10.8 to +13.2 volts 


—12 volts 


—10.8 to -13.2 volts 


Black ground 


Black ground 


Black ground 


Black ground 


— 5 volts 


—4.5 to -5.5 volts 


+5 volts 


+4.5 to +5.5 volts 


+5 volts 


+4.5 to +5.5 volts 


+5 volts 


+4.5 to +5.5 volts 


Measuring the Voltage of a Power Supply 571 


re 


System board connectors 


12 -P +5v dc Red 
We +5vdc Red 
10- +5v dc Red 


Hard drive connections 


White 
gnd Black 
gnd Black 


| 
4 +5vdc Red 
3 gnd Black 
2 gnd Black 
1 +12vdc Yellow 


Black 
gnd Black 
Blue 


Yellow 
not used Red 
Power good Orange 


Figure 11-11 AT power supply connections 


2. Set the multimeter to measure voltage in a range of 20 volts and set the AC/DC 
switch to DC. Insert the black probe into the — jack and the red probe into the 
+ jack of the meter. 


3. Turn on the multimeter, and turn on the computer. 
4. To measure the +12-volt circuit and all four ground leads: 


a Place the red probe on lead 3.The probe is shaped like a needle (alligator clips 
don’t work too well here); insert the needle down into the lead housing as far 


as you can. Place the black probe on lead 5.The acceptable range is +10.8 to 
+13.2 volts. 


a Place the red probe on lead 3, and place the black probe on lead 6. The accept- 
able range is +10.8 to +13.2 volts. 


a Place the red probe on lead 3, and place the black probe on lead 7. The 
acceptable range is +10.8 to +13.2 volts. 


ma Place the red probe on lead 3, and place the black probe on lead 8.The 
acceptable range is +10.8 to +13.2 volts. 


5. To measure the —12-volt circuit, place the red probe on lead 4, and place the black 


probe on any ground lead or on the computer case, which is also grounded. The 
acceptable range is —10.8 to 13.2 volts. 
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+CORE 6. To measure the —5-volt circuit, place the red probe on lead 9, and place the black 
2.1 probe on any ground. The acceptable range is —4.5 to —5.5 volts. 


7. To measure the three +5-volt circuits: 


a Place the red probe on lead 10, and place the black probe on any ground. The 
acceptable range is +4.5 to +5.5 volts. 


a Place the red probe on lead 11, and place the black probe on any ground. The 
acceptable range is +4.5 to +5.5 volts. 


a Place the red probe on lead 12, and place the black probe on any ground. The 
acceptable range is +4.5 to +5.5 volts. 


8. Replace the cover. 


Measuring Voltage Output to an ATX System Board 


To measure the output to the ATX system board, follow the same procedure as with the AT 
system board. Recall that the ATX board uses 3.3, 5, and 12 volts coming from the power 
supply. Figure 11-12 shows the power output of each pin on the connector. Looking at 
Figure 11-12, you can see the distinguishing shape of each side of the connector. Notice the 
different hole sizes on each side of the connector, ensuring that the plug from the power sup- 
ply is oriented correctly in the connector. Table 11-3 lists the leads to the system board and 
their acceptable voltage ranges. 


Table 11-3 Twenty leads to the ATX system board from the ATX power supply 


Acceptable Acceptable 
1 +12 volts +10.8 to +13.2 1 +5 volts +4.5 to +5.5 
2 +5 volts standby +4.5 to +5.5 2 +5 volts +4.5 to +5.5 
3 “Power good” 3 —5 volts —4.5 to -5.5 
4 Black ground 4 Black ground 
5 +5 volts +4.5 to +5.5 5 Black ground 
6 Black ground 6 Black ground 
7 +5 volts +4.5 to +5.5 7 Pwr supply on 
8 Black ground 8 Black ground 
9 +3.3 volts +3.1 to +3.5 9 —12 volts =10:8' to —13.2 
10 +3.3 volts +3.1 to +3.5 10 +3.3 volts +3.1 to +3.5 
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Notches Unnotched side Notched side 


+12.0 Volts —U 
+5V Standby —2 
Power Good —3, 


— ile} 
Ground —8 fey E! 
+3.3 Volts —2 


+3.3 Volts 10. 


Figure 11-12 Power connection on an ATX system board 


Testing the Power Output to a Floppy or Hard Drive 


The power cords to the floppy disk drive, hard drive, and CD-ROM drive all supply the 
same voltage: one +5-volt circuit and one +12-volt circuit. The power connection to any 
drive uses four leads; the two outside connections are hot, and the two inside connections 
are ground (see Figure 11-11).The power connection to a 3.5-inch floppy disk drive is usu- 
ally a miniature connection, as shown in Figure 11-10. Follow these steps to measure the 
voltage to any drive: 


1. With the drive plugged in, turn the computer on. 
2. Set the multimeter to measure voltage as described above. 


3. Place the red probe on lead 1 shown in Figure 11-11, and place the black probe 
on lead 2 or 3 (ground). The acceptable range is +10.8 to +13.2 volts. 


4. Place the red probe on lead 4, and place the black probe on lead 2 or 3 (ground). 
The acceptable range is +4.5 to +5.5 volts. 


You may choose to alter the method you use to ground the black probe. In Step 4 above, the 
red probe and black probe are very close to each other. You may choose to keep them farther 
apart by placing the black probe in a ground lead of an unused hard drive connection. 


PROBLEMS WITH THE POWER SUPPLY 


If you assemble a PC from parts, most often you purchase a computer case with the power 
supply already installed in it. However, you might need to exchange the present power sup- 
ply because it is damaged, or because you need to upgrade to one with more power. In this 
section, you will learn how to detect a faulty power supply and how to exchange one. 
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Power Supplies Can Be Dangerous 


Arcus The power supply has capacitors inside it, which hold their electrical charge even after the 
3.2) power is disconnected. Never open the case of the power supply unless you have been 
trained how to protect yourself from high-voltage equipment. 


If you do open the case to work inside the power supply itself, don't wear your anti- 
wi static bracelet. Recall that the bracelet grounds you, and you don’t want to be a ground 


for the high voltage (110 to 120 volts) of the power supply! 


Power Supply Troubleshooting Guidelines 
+CORE || Problems with the PC’s power supply or the house current can express themselves in the fol- 
2.1 lowing ways: 
mw The PC sometimes halts during booting. After several tries, it boots successfully. 
m Error codes or beep codes occur during booting, but the errors come and go. 
a The computer stops or hangs for no reason. Sometimes it might even reboot itself. 
a Memory errors appear intermittently. 
a Data is written incorrectly to the hard drive. 
a The keyboard stops working at odd times. 
a The system board fails or is damaged. 
m The power supply overheats and becomes hot to the touch. 


An overheated system can cause intermittent problems. Use compressed air to blow the dust 
out of the power supply and the vents over the entire computer. Dust acts like an insulator 
and retains heat inside the computer case. Check that the power supply fan and the fan over 
the CPU are both working. 


The symptoms of electrical power problems might be caused by a brownout (reduced cur- 
rent) of the house current or by a faulty power supply. If you suspect that the house current 
could be low, check the other devices that are using the same circuit. A copy machine, laser 
printer, or other heavy equipment might be drawing too much power. Remove the other 
devices from the same house circuit. 


A system with a standard power supply of about 250 watts that has multiple hard drives, mul- 
tiple CD-ROM drives, and several expansion cards is most likely operating above the rated 
capacity of the power supply, which can cause the system to perform unexpected reboots or 
give intermittent, otherwise unexplained errors. Calculate the total wattage requirements of 
all devices drawing power from the power supply and compare it to the rated capacity of the 
power supply. 


Wattage is calculated as volts X amps. The power supply is rated in watts, and it should run 
at about 60% its rated capacity or less. When operating at this capacity, the power supply lasts 


Ae 
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CORE | longer, runs cooler, and provides more consistent (or cleaner) power. In most cases, the com- 


2.1 


puter’s power supply is more than adequate if you add only one or two new devices. A pro- 
ject at the end of this chapter gives you practice calculating total wattage needs of a computer 
system. Upgrade the power supply as needed to accommodate an overloaded power system. 


If these suggestions don’t correct the problem, check the power supply by measuring the 
voltage output or by exchanging it for one you know is good. Remember that the power 
supply might give correct voltages when you measure it, but still be the source of problems. 


An electrical conditioner might solve the problem of intermittent errors caused by noise in 
the power line to the PC. Try installing an electrical conditioner to monitor and condition 
the voltage to the PC. Conditioners are discussed later in the chapter. 


The fan on the power supply stops working Usually just before a fan stops working, it 
hums or whines, especially when the PC is first turned on. If this has just happened, replace 
the fan if you are trained to service the power supply. If not, then replace the entire power 
supply, which is considered an FRU (field replaceable unit) for a PC support technician. If 
you replace the power supply or fan and the fan still does not work, the problem might not 
be the fan. The problem might be caused by a short somewhere else in the system drawing 
too much power. Don’t operate the PC with the fan not working. Computers without cool- 
ing fans can quickly overheat and damage chips. 


Turn the power off and remove all power cord connections to all components, including the 
connections to the system board, and all power cords to drives. Turn the power back on. If 
the fan comes on, the problem is with one of the systems you disconnected, not with the 
power supply or its fan. 


Turn the power off and reconnect the power cords to the drives. If the fan comes on, you 
can eliminate the drives as the problem. If the fan does not come on, try one drive after 
another until you identify the drive with the short. 


If the drives are not the problem, suspect the system board subsystem. With the power off, 
reconnect all power cords to the drives. 


Turn the power off and remove the power to the system board by disconnecting P8 and P9 
or P1.Turn the power back on. 


If the fan comes back on, the problem is probably not the power supply, but a short in one 
of the components powered by the power cords to the system board. The power to the sys- 
tem board also powers interface cards. 


Remove all interface cards and reconnect plugs to the system board. 


If the fan still works, the problem is with one of the interface cards. If the fan does not work, 
the problem is with the system board or something still connected to it. 


The system board, just as all other components inside the computer case, should be grounded 
to the chassis. Look for a metal screw that grounds the board to the computer case. However, 
a short might be the problem with the electrical system if some component on the board is 
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making improper contact with the chassis. This short can cause serious damage to the sys- 
tem board. Check for missing standoffs (small plastic or metal spacers that hold the system 
board a short distance away from the chassis), the problem that most often causes these 
improper connections. 


Shorts in the circuits on the system board might also cause the problem. Look for damage 
on the bottom side of the system board. These circuits are coated with plastic, and quite often 
damage is difficult to spot. 


Frayed wires on cable connections can also cause shorts. Disconnect hard drive cables con- 
nected directly to the system board. Power up with P8 and P9 or P1 connected, but all cables 
disconnected from the system board. If the fan comes on, the problem is with one of the sys- 
tems you disconnected. 


Never replace a damaged system board with a good one without first testing the power 
iwi supply. You don't want to subject another good board to possible damage. 


Upgrading the Power Supply 


If you are installing a hard drive or CD-ROM drive and are concerned that the power sup- 
ply is not adequate, test it after you finish the installation. Make both the new drive and the 
floppy drive work at the same time by copying files from one to the other. If the new drive 
and the floppy drive each work independently, but data errors occur when both are working 
at the same time, suspect a shortage of electrical power. 


If you prefer a more technical approach, you can estimate how much total wattage your sys- 
tem needs by calculating the watts for each circuit and adding them together as discussed 
earlier. In most cases, the computer’s power supply is more than adequate if you add only 
one or two new devices. 


Power supplies can be purchased separately. Power supplies for microcomputers range from 
200 watts for a small desktop computer system to 600 watts for a tower floor model that uses 
a large amount of multimedia or other power-hungry devices. 


Installing a New Power Supply 


A T3 


The easiest way to fix a power supply you suspect is faulty is to replace it.You can determine 
if the power supply really is the problem by turning off the PC, opening the computer case, 
and setting the new power supply on top of the old one. Disconnect the old power supply’s 
cords and plug the PC devices into the new power supply. Turn on the PC and verify that 
the new power supply solves your problem before installing it. 


Ifa new power supply is needed, follow these procedures: 
1. Turn off the power. 


2. Remove all external power cables from the power supply connections. 
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+CORE 3. Remove the cover. 
1.2 
4. Disconnect all power cords from the power supply to other devices. 


5. Determine which components must be removed before the power supply can be 
safely removed from the case. You might need to remove the hard drive, several 
cards, or the CD-ROM drive. In some cases, you may even need to remove the 
system board. 


6. Remove all the components necessary to get to the power supply. Remember to 
protect the components from static electricity, as described in Chapter 8. 


7. Unscrew the screws on the back of the computer case that hold the power sup- 
ply to the case. 


8. Look on the bottom of the case for slots that are holding the power supply in 
position. Often the power supply must be shifted in one direction to free it from 
the slots. 


9. Remove the power supply. 


10. Place the new power supply into position, sliding it into the slots used by the old 
power supply. 


11. Replace the power supply screws. 


12. Replace all other components. 
13 


. Before replacing the case cover, connect the power cords, turn on the PC, and 
verify that all is working. 


14. Test the voltage output of the new power supply and verify that it falls within 
acceptable ranges. 


15. Turn off the PC and replace the cover. 


ENERGY STAR COMPUTERS (THE GREEN STAR) 


Energy Star computers and peripherals have the U.S. Green Star, which indicates that they 
satisfy certain energy-conserving standards of the U.S. Environmental Protection Agency 
(EPA). Devices that can carry the Green Star are computers, monitors, printers, copiers, and 
fax machines. Such devices are designed to decrease the overall consumption of electricity 
in the U.S. to protect and preserve our natural resources. These standards, sometimes called 
the Green Standards, generally mean that the computer or the device has a standby pro- 
gram switches the device to sleep mode when it is not being used. During sleep mode, the 
device must use no more than 30 watts of power. 


Office equipment is among the fastest growing source of power consumption in industrial- 
ized nations. Much of this electricity is wasted, because computers and other equipment are 
often left on overnight. Because Energy Star devices go into sleep mode when they are 
unused, they create an overall energy savings of about 50%. 
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Energy Star PCs 


Computer systems use three power management methods to conserve energy: 
a Advanced Power Management (APM), championed by Intel and Microsoft 
a AT Attachment (ATA) for IDE drives 


a Display Power Management Signaling (DPMS) standards for monitors and 
video cards 


These energy-saving features are designed to work in incremental steps, depending on how 
long the PC is idle. The features can sometimes be enabled and adjusted using CMOS setup 
or using the OS. In CMOS setup, a feature might not be available, setup might include addi- 
tional features, or a feature might be labeled differently from those described below. 


Green Timer on the System Board 

This sets the number of minutes of inactivity that must pass before the CPU goes into sleep 
mode. You can enable or disable the setting and select the elapse time in number of minutes. 
Doze Time 


Doze time is the time that elapses before the system reduces 80% of its power consump- 
tion. This is accomplished in different ways by different systems. For example, when one sys- 
tem enters Doze mode, the system BIOS slows down the bus clock speed. 


Standby Time 


The time before the system reduces 92% of its power consumption is Standby time. For 
example, a system might accomplish this by changing the system speed from turbo to slow 
and suspending the video signal. 


Suspend Time 


The time before the system reduces 99% of its power consumption is Suspend time. The 
way this reduction is accomplished varies. The CPU clock might be stopped and the video 
signal suspended. After entering suspend mode, the system needs a warmup time so that the 
CPU, monitor, and other components can reach full activity. 


Hard Drive Standby Time 


Hard drive standby time is the amount of time before a hard drive shuts down. 


Sample Power Management Setup Screen 


Figure 11-13 shows the Power Management Setup screen of the CMOS setup for Award 
BIOS for an ATX Pentium II system board. Using the Video options on the left of the 
screen, you can enable or disable power management of the monitor. When power manage- 
ment is enabled, you can control Energy Star features. The PM Timers feature controls doze, 
standby, and suspend modes for the hard drive. The Power Up Control determines the way 
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the system can be controlled when it is started or when power to the computer is inter- 
rupted. The features on the right side of the screen monitor the power supply fan, CPU fan, 
optional chassis fan, temperatures of the CPU and the motherboard (MB), and voltage out- 
put to the CPU and system board. 


ROM PCI/ISA BIOS (<<P2B>>) 
POWER MANAGEMENT SETUP 
AWARD SOFTWARE, INC. 
Power Management : User Define +» Fan Monitor +» 
Video Off Option : Suspend -> Off | Chasis Fan Speed : 3300RMP 
Video Off Method : DPMS OFF CPU Fan Speed : 3800RMP 
Power Fan Speed : ignore 
+» PM Timers ++ +» Thermal Monitor ++ 
HDD Power Down : Disable CPU Temperature : 50C/ 112F 
Suspend Mode : Disable MB Temperature : 25C/ 77F 
+» Voltage Monitor +*+ 
+» Power Up Control +*+ VCORE Voltage : 3.3V 
PWR Button < 4 Secs : Soft Off +3.3V Voltage : 3.3V 
PWR Up On Modem Act : Enabled +5V Voltage : 5.0V 
AC PWR Loss Restart : Disabled +12V Voltage : 12.0V 
Wake On LAN : Enabled -12V Voltage : -12.0V 
Automatic Power Up : Disabled -5V Voltage : -5.0V 


: Quit 4 > <<: Select Item 
: Help PU/PD/+/- : Modify 
: Old Values (Shift)F2 : Color 


: Load BIOS Defaults 
: Load Setup Defaults 1 1 


Figure 11-13 A Power Management Setup screen showing power management features 


Energy Star Monitors 


Most computers and monitors sold today are Energy-Star-compliant, displaying the green 
Energy Star logo onscreen when the PC is booting. 


In order for a monitor’s power-saving feature to function, the video card or computer must 
also support this function. Most monitors that follow the Energy Star standards adhere to the 
Display Power Management Signaling (DPMS) specifications developed by VESA, 
which allow for the video card and monitor to go into sleep mode simultaneously. 


Windows 9x sometimes recognizes that a monitor is an Energy Star monitor by its brand and 
model. To see if Windows 95 has identified a monitor as Energy-Star-compliant, open the 
Display Properties dialog box. One way to do this is to right-click anywhere on the desktop 
and select Properties from the shortcut menu. In the Display Properties dialog box, click the 
Settings tab, and then select Change Display Type (or, for OSR 2, select Advanced 
Properties). The Change Display Type dialog box opens, as shown in Figure 11-14. Ifyou know 
that your monitor is Energy-Star-compliant, check the appropriate box. For Windows 98, right- 
click the desktop, select Properties from the shortcut menu, click the Settings tab and click 
Advanced.The monitor Properties dialog box opens. Click the Monitor tab and the dialog box 
in Figure 11-15 is displayed showing the Energy Star check box. 
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Change Display Type BEI 


m Adapter Type 


[Avance Logic 2228 VLB Change... | 


Manufacturer: Avance Logic 


Version: 40 
Current Files: avance. dry, “vdd,“vflatd avance. vxd 


m Monitor Type 


NEC MultiSync XE17 Change... | 
È 


Figure 11-14 Windows 95 setting for an Energy Star monitor 


Display Properties HE l 
Background | ScreenSaver | Appearance | Effects | Web MESo O [21x] 
‘Window Pattems | IconAnimation | McAfee ScreenScan Settings 
Color Management l A Gamma Correction | 
General | Adapter Monitor Perfomance | 
wj Plug and Play Monitor 
p Options 
R Monitor ts Eneray Star compliant 


I Automatically detect Plug & Play monitors. 
I Reset display on suspend/resume. 


Display: 
Plug and Play Monitor on Diamond SpeedStar A50 for Windows $8 


Screen area ~ 
Less 


p Colors 


True Color (24 bit) T 
Ee 


FZ | Evtend my Windows desktop orto this morito Advanced... 


ee 


Figure 11-15 In Windows 98, the Energy Star check box is grayed for this monitor and 
cannot be unchecked 


More 


1024 by 768 pixels 


To use the Energy Star features of your monitor, click the Screen Saver tab in the 
Properties dialog box to open the dialog box shown in Figure 11-16. Click the Settings 
button of the Energy savings feature. You can set system standby to activate after a specified 
number of minutes. Select the minutes under Turn off monitor. This feature causes your 
Energy Star monitor to go into sleep mode. Some monitors have an additional feature that 
allows the PC to shut off the monitor after a selected number of minutes of inactivity. Read 
the documentation that comes with the monitor to learn what features a monitor has and 
how to use them. 


Problems might occur if CMOS is turning off the monitor because of power manage- 
‘ i ment settings and Windows 9x is also turning off the monitor. If the system hangs 
when you try to get the monitor going again, try disabling one or the other. 
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Power Management Properties [2] x] 
Display Properties Power Schemes | Advanced | 
Window Pattems | Icon Animation | McAfee ScreenScan | Settir 2g A power scheme is a group of preset power options. Select the 
Background ScreenSaver | Appearance | Effects | We w power scheme most appropriate for the way you are using your 
computer. 
Power schemes- 
[Always On x 
Save As... Delete 


Settings for Always On power scheme 


System standby: Never j| 


Screen Saver 


Fh + Settings... Preview 

pela eao | eein | Tum off monitor: Eier T5 mins z 
Password protected amo | wat f 144 minut , 

Enns * ama Tum off hard disks: [After T hour zl 


r Energy saving features of monitor 
To adjust the power settings for your monitor, 


; pick Saige 


Settings... Cancel Apply 


Figure 11-16 Using the monitor's Energy Star features 


SURGE PROTECTION AND BATTERY BACKUP 


ror A wide range of devices on the market filter the AC input to computers and their periph- 
3-2) erals (that is, condition the AC input to eliminate highs and lows) and that provide backup 
power when the AC current fails. These devices, installed between the house current and the 
computer, fall into three general categories: surge suppressors, power conditioners, and unin- 
terruptible power supplies (UPSs). All these devices should have the UL (Underwriters 
Laboratory) logo, which ensures that the device has been tested by this agency, a provider of 

product safety certification. 


Surge Suppressors 


A surge suppressor, also called a surge protector, provides a row of power outlets and an 
on/off switch that protects equipment from overvoltages on AC power lines and telephone 
lines. Surge suppressors can come as power strips, as seen in Figure 11-17 (but not all power 
strips have surge protection), wall-mounted units that plug into AC outlets, or consoles 
designed to sit on a desk top (Figure 11-18) with the monitor placed on top. Some provide 
an RJ-11 telephone jack to protect modems and fax machines from spikes. 


Whenever there is a power outage, unless you have a reliable power conditioner or UPS 

installed, unplug all power cords to the PC, printers, monitors, and the like. Sometimes 
when the power returns there are sudden spikes accompanied by another brief outage. 
You don't want to subject your equipment to these surges. 
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Figure 11-17 A surge suppressor can protect a device against overvoltage or spikes 


— m mA gy 


Figure 11-18 A surge suppressor might be designed to sit underneath the monitor on the 
desk top 


Surge suppressors are not always reliable, and once the fuse inside the suppressor is blown, 
a surge suppressor no longer protects from a power surge. It continues to provide power 
without warning you that the protection is lost. The performance of a surge suppressor as 
protection against spikes is measured in two ways: let-through voltage and joules. 


The maximum voltage that is allowed through the suppressor to the device being protected 
is called the let-through. Less is better. The better units are expected to let through under 
330 volts. Less expensive suppressors let through 400 volts or more. 


The degree of protection of a surge suppressor can be measured in joules, a measure of 
energy that takes into account both voltage and current over a one-second interval. More is 
better. Look for devices that offer at least 240 joules of protection. 


A surge suppressor might be a shunt type that absorbs the surge or might be a series type 
that blocks the surge from flowing, or it might be a combination of the two.The shunt-type 
suppressor is measured by clamping voltage, a term that describes the let-through voltage. 


When buying a surge suppressor, look for those that guarantee against damage from light- 
ning and that reimburse for equipment destroyed while the surge suppressor is in use. 
Data Line Protectors 


A data line protector serves the same function for your telephone line to your modem 
that a surge suppressor does for the electrical lines. Telephone lines carry a small current of 
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Ae electricity and need to be protected against spikes, just as electrical lines do. The let-through 
3.2 rating for a data line protector for a phone line should be no more than 260 volts. 


Measuring Power Ranges of Devices 


The next two types of protective devices are power conditioners and uninterruptible power 
supplies. They both condition (alter so as to provide continuous voltages) the power passing 
through them. Both provide a degree of protection against spikes (temporary surges of voltage) 
and raise the voltage when it drops during brownouts (temporary reductions of voltage). 
These devices are measured by the load they support in watts, volt-amperes (VA), or kilo- 
volt-amperes (kVA). 


To determine how much VA is required to support your system, multiply the amperage of 
each component by 120 volts and then add up the VA for all components. For example, a 
17-inch monitor has 1.9 A written on the back of the monitor, which means 1.9 amps. 
Multiply that value times 120 volts and you see that 228 VA is required. A Pentium PC with 
a 17-inch monitor and tape backup system requires about 500 VA of support. 


Power Conditioners 


In addition to providing protection against spikes, power conditioners also regulate, or con- 
dition, the power, providing continuous voltage during brownouts. These voltage regulators, 
sometimes called line conditioners, can come as small desktop units (see Figure 11-19). 


Low-cost line conditioners use a stepped transformer to adjust the output voltage. Higher 
priced models use a ferroresonant regulator, which contains a magnetic coil that can 
retain a charge of power to be used to raise the voltage during a brownout. 


These electricity filters are a good investment if the AC current in your community suffers 
from excessive spikes and brownouts. However, if the device is rated under 1 kVA, it will 
probably only provide corrections for brownouts, and not spikes. Line conditioners, like 
surge suppressors, provide no protection against a total blackout. 


Figure 11-19 A power conditioner can protect a device against overvoltage (spikes) and 
provide continuous voltage during brownouts 
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Uninterruptible Power Supply 


CORE | Unlike a power conditioner, the UPS (uninterruptible power supply) provides a backup 
3.2) power supply in the event the AC current fails completely. The UPS also offers some filter- 


ing of the AC current. A UPS device suitably priced for personal computer systems is 
designed as either a standby device, an inline device, or a line-interactive device (which com- 
bines features of the first two). Among these three UPS devices, there are several variations 
on the market, whose prices vary widely. 


A common UPS device is a rather heavy box that plugs into an AC outlet and provides one 
or more outlets for the computer and its peripherals (see Figure 11-20). It has an on/off 
switch, requires no maintenance, and is very simple to install. 


Back-UPS Uninterruptible power 
supply 
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Figure 11-20 Uninterruptible power supply (UPS) 


Standby and inline UPSs differ in the circuit the devices use as the primary circuit, and in 
the way they function when the AC power fails. A standby UPS switches circuits from the 
AC circuit to the battery-powered circuit. In contrast, the inline UPS continually provides 
power through the battery-powered circuit and therefore requires no switching, which 
ensures continuous power. 


UPS prices increase dramatically depending on the features offered. A UPS device is rated 
according to the amount of power it can provide, inVA during a complete blackout, and the 
length of time it can sustain that power. Most UPSs for microcomputer systems claim to pro- 
vide backup power for only about 15 minutes, only enough time to save any work in 
progress and to do an orderly shutdown. The high cost of a UPS prohibits greater power. 
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The Standby UPS 


Figure 11-21 shows how UPSs work. The solid line represents the primary circuit by which 
electricity normally flows. The dashed line represents the secondary circuit that is used when 
the AC current fails. For the standby UPS, the primary circuit is the house AC current cir- 
cuit with an inline surge suppressor and filter. A relatively small amount of the current flows 
to the secondary circuit to keep the battery charged in case it is ever needed. When the AC 
current fails, the UPS switches from the primary to the secondary circuit and the battery 
provides the power, which is converted from DC to AC before it leaves the UPS. 
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(c) Line-interactive UPS 


Figure 11-21 Standby, In-line, or Line-interactive UPS 


The switching time (the time it takes for the UPS to switch from the AC circuit to the 
battery-charged circuit) caused problems for earlier computers, even causing the PC to reboot. 
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Today, however, computer power supplies are better designed and able to keep the computer 
running during the fraction of a second it takes to switch the power in the UPS. One varia- 
tion on a standby UPS uses a ferroresonant regulator that delivers power to the circuit during 
the switching time, to virtually eliminate any interruption of power. 


Other variations of this type of UPS reduce costs by eliminating the filter. The purpose of 
the filter is to condition the AC current, reducing the effect of brownouts and spikes. These 
electricity filters, or line conditioners, must be purchased separately. 


The Inline UPS 


In Figure 11-21, notice that the inline UPS uses the battery-powered circuit as the primary 
circuit, instead of the AC circuit. With most devices, the AC circuit is only used if the battery- 
powered circuit registers any error conditions caused by the failure of some component in 
the circuit. These conditions are not related to spikes, brownouts, or blackouts of the AC cur- 
rent, but rather to the performance of the components. With some inline UPS devices, both 
circuits are continuously used to collectively provide power. 


With inline UPSs, when the AC current fails, no switching is needed because the primary 
circuit continues to be the battery-powered circuit. The only thing that is lost is the battery’s 
recharging. These UPS devices are sometimes called true UPSs, because they truly do pro- 
vide uninterruptible power. 


The inline UPS also provides more line conditioning than does the standby UPS, and, because 
of the clean, constant 120-volt current it produces, it can extend the life of computer equip- 
ment. Because the inline UPS converts the AC power to battery power in DC and then back 
to AC power, the inline design is sometimes referred to as double conversion. Because the 
battery is in constant use, the inline UPS battery tends to wear out sooner than does the 
standby UPS battery. 


The inline UPS is more expensive than the standby UPS; one less expensive variation elim- 
inates the secondary circuit altogether, leaving the battery-charged circuit with no backup. 


The Line-Interactive UPS 


The line-interactive UPS is a variation of the standby UPS that shortens the switching time 
by always keeping the inverter working, so that there is no charging-up time for the inverter. 
An inverter is a device that converts DC to AC. However, during regular operation, the 
inverter filters electricity and charges the battery by converting AC to DC. See Figure 11-21c. 
If the power fails, the switch breaks the normal circuit and the inverter switches roles and 
begins to convert the battery’s DC to AC. The delay for the inverter to switch roles is shorter 
than the delay for a standby UPS that must start up the inverter. 


The line-interactive UPS also offers good line conditioning because there is an automatic 
voltage regulator, called the buck-boost feature. During spikes in electrical power, the reg- 
ulator decreases (in other words bucks) the voltage, and it boosts it during brownouts. The 
boost feature means that the line-interactive UPS does not need to draw on battery power 
to respond to a brownout, as does the true standby UPS. 
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The Intelligent UPS 


Some UPSs can be controlled by software from a computer, to allow for additional func- 
tionality. For example, from the front panel of some UPSs you can check for a weak battery. 
If the UPS is an intelligent UPS, you can perform the same function from the utility soft- 
ware installed on your computer. In order for a UPS to accommodate this feature, it must 
have a serial port connection to the PC and a microprocessor on board. Some of the things 
this utility software and an intelligent UPS can do are: 


a Diagnose the UPS 

m Check for a weak battery 

a Monitor the quality of electricity received 

a Monitor the percentage of load the UPS is carrying during a blackout 
a Automatically schedule the weak-battery test or UPS diagnostic test 

m Send an alarm to workstations on a network to prepare for a shutdown 
m Close down all servers protected by the UPS during a blackout 


a Provide pager notification to a facilities manager if the power goes out during 
weekends 


a After a shutdown, allow for startup from a remote location over phone lines 


Windows NT and Windows 2000 offer support for intelligent UPSs. You can monitor and 
control the devices from the UPS dialog box accessible through Control Panel. The Windows 
2000 controls were developed by Microsoft and Amercian Power Conversion (APC), a lead- 
ing manufacturer of UPSs. 


When Buying a UPS 


The power supplies in most computers can operate over a wide range of electrical voltage 
input, but operating the computer under these conditions for extended periods of time can 
shorten the life not only of the power supply, but also of the computer as well. Power pro- 
tection devices offer these benefits: 


m Condition the line for both brownouts and spikes 
m Provide backup power during a blackout 
a Protect against very high spikes that could damage the equipment 


When you purchase a UPS, cost often drives the decision about how much and what kind of 
protection you buy. However, do not buy an inline UPS that runs at full capacity. A battery 
charger operating at full capacity produces heat, which can reduce the life of the battery. The 
UPS rating should exceed your total VA or wattage output by at least 25 percent. Also be 
aware of the degree of line conditioning that the UPS provides. Consider the warranty and 
service policies as well as the guarantee the UPS manufacturer gives for the equipment that 
the UPS protects. 
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FIRE EXTINGUISHERS 


+coreE | No discussion of working on electrical equipment would be complete without mentioning 


3.2 the importance of having a fire extinguisher handy that is rated to handle fires that are ignited 


by electricity. The National Fire Protection Association (NFPA), an organization that creates 
standards for fire safety, says a fire has one of three ratings. 


m Class A.A fire that is fueled by ordinary combustible materials such as wood, 
trash, or clothes 


m Class B.A fire that is fueled by flammable liquids such as oil, gasoline, kerosene, 
propane gas, and some plastics 


m Class C.A fire that is ignited and heated by electricity 


It’s the Class C fire that we are concerned about in this discussion. For a fire to be rated as 
a Class C fire, regardless of what is burning, the fire must have been ignited by electricity and 
must keep burning because electrical energy is providing heat. If you take away the electri- 
cal current, then the fire becomes a Class A or Class B fire. 


Underwriters Laboratories (UL) rates fire extinguishers according to the type of fire they han- 
dle and the size of fire they can put out. Ratings are usually displayed on the extinguisher as an 
icon. (See Figure 11-22.) The class letter is inside a triangle for Class A, a square for Class B, 
and a circle for Class C. The extinguisher can be rated for more than one type of fire and 
includes a number for Class A and B fires that indicate what size fire it can handle. A Class C 
rating is not assigned a number because the size of the fire is determined more by the A or 
B fuel type. Class A ratings are from 1 to 40 and Class B ratings are from 1 to 640. An excel- 
lent choice for a fire extinguisher for home use is one that carries all three ratings. A good 
example is one rated as 2-A: 10-B: C.This means the extinguisher can handle Class A fires of 
magnitude 2 on a scale of 1 to 40, Class B fires of magnitude 10 on a scale of 1 to 640, and 
can handle Class C fires. Fire extinguishers come as either disposable or rechargeable. The 
rechargeable ones cost more but can be recharged and last longer. Disposable ones lose their 
pressure after about 12 years and must be replaced. 


Mount the fire extinguisher near your workbench but not directly over your work area. If 
equipment were to catch on fire, you wouldn't want to have to reach over it to get to the 
fire extinguisher. Know how to use the extinguisher. One good method to remember is 
the P-A-S-S method (Pull the pin, Aim low at the base of the fire, Squeeze the handle 
of the extinguisher, and Sweep back and forth across the base of the fire). 


Large computer facilities might have a built-in halon gas system to extinguish fires. Halon 
does not damage equipment as much as do other types of fire extinguisher chemicals; how- 
ever, halon is considered an environmental hazard. In 1987, an international agreement, 
known as the Montreal Protocol, mandated the phaseout of halon fire extinguishing systems 
in developed countries by the year 2000 and in less-developed countries by 2010, because 
of the danger halon poses to the ozone layer. 
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Class rating icons 


Figure 11-22 A fire extinguisher is rated by Underwriters Laboratories. Look for a 
Class C rating to handle fires ignited by electrical current 


CHAPTER SUMMARY 


o Electricity describes the components necessary for a complete circuit. An electrical cir- 
cuit is created by a combination of voltage, current, and resistance. 


o Electrical voltage is a measure of the potential difference in an electrical system. 


o Electrical current is measured in amps, and electrical resistance is measured in ohms. 
One volt drives a current of one amp through a resistance of one ohm, which is one 
watt of power. 


o Wattage is a measure of electrical power. Wattage is calculated by multiplying volts by 
amps in a system. 
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Microcomputers require DC current, which is converted from AC current by the PC’s 
power supply inside the computer case. 


A PC power supply is actually a transformer and rectifier rather than a supplier of power. 


A multimeter is a device that can measure volts, amps, ohms, and continuity in an elec- 
trical system. 


Before replacing a damaged system board in a PC, first measure the output of the 
power supply to make sure that it did not cause the damage. 


A faulty power supply can cause memory errors, data errors, system hangs, or reboots, 
and it can damage a system board or other component. 


The US. Environmental Protection Agency has established Energy Star standards for 
electronic devices, to reduce energy consumption. 


Devices that are Energy-Star-compliant go into a sleep mode in which they use less 
than 30 watts of power. 


PCs that are Energy-Star-compliant often have CMOS settings that affect the Energy 
Star options available on the PC. 


Devices that control the electricity to a computer include surge suppressors, line condi- 
tioners, and UPSs. 


A surge suppressor protects a computer against damaging spikes in the electrical voltage. 
Line conditioners level out the AC current to reduce brownouts and spikes. 
A UPS provides enough power to perform an orderly shutdown during a blackout. 


There are two kinds of UPSs: the true UPS, called the inline UPS (or, sometimes, the 
online UPS) and the standby UPS. 


The inline UPS is the more expensive, because it provides continuous power. The 
standby UPS must switch from one circuit to another when a blackout begins. 


An intelligent UPS can be controlled and managed from utility software at a remote 
computer, or from a computer connected to the UPS through a serial cable. 


Data line protectors are small surge suppressors designed to protect modems from spikes 
on telephone lines. 


A Class C fire extinguisher is rated to put out a fire ignited and kept burning by 
electricity. 


KEY TERMS 


Alternating current (AC) — Current that cycles back and forth rather than traveling in 


only one direction. In the U. S., the AC voltage from a standard wall outlet is normally 
between 110 and 115 V AC. In Europe, the standard AC voltage from a wall outlet is 
220V AC. 


Ammeter — A meter that measures electrical current in amps. 
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Ampere (A) — A unit of measurement for electrical current. One volt across a resistance 
of one ohm will produce a flow of one amp. 


Autorange meter — A multimeter that senses the quantity of input and sets the range 
accordingly. 

Buck-boost regulator — A line-interactive UPS that offers good line conditioning and 
has an automatic voltage regulator that decreases (“bucks”) the voltage during electrical 
spikes and boosts it during sags. 

Capacitor — An electronic device that can maintain an electrical charge for a period of 
time and is used to smooth out the flow of electrical current. Capacitors are often 
found in computer power supplies. 


Clamping voltage — The maximum voltage allowed through a surge suppressor, such as 
175 or 330 volts. 

Continuity — A continuous, unbroken path for the flow of electricity. A continuity test 
can determine whether or not internal wiring is still intact or a fuse is good or bad. 

Data line protectors — Surge protectors designed to work with the telephone line to 
a modem. 

Diode — An electronic device that allows electricity to flow in only one direction. Used 
in a rectifier circuit. 

Direct current (DC) — Current that travels in only one direction (the type of electric- 
ity provided by batteries). Computer power supplies transform AC current to low 
DC current. 

Display power management signaling (DPMS) — Energy Star standard specifications 
that allow for the video card and monitor to go into sleep mode simultaneously. See 
Energy Star systems. 

Double conversion — The process by which the inline UPS converts the AC power to 
battery power in DC form and then back to AC power. 

Doze time — The time before an Energy Star or “Green” system will reduce 80% of 
its activity. 

EMI (electromagnetic interference) — A magnetic field produced as a side effect from 
the flow of electricity. EMI can cause corrupted data in data lines that are not properly 
shielded. 

Energy Star systems — “Green” systems that satisfy the EPA requirements to decrease 
the overall consumption of electricity. See Green standards. 

Ferroresonant regulator — A UPS device that contains a magnetic coil that can retain a 
power charge that can be used during a brownout to raise the voltage at switching time. 

Green Standards — Standards that mean that a computer or device can go into sleep or 
doze mode when not in use, thus saving energy and helping the environment. 

Hard drive standby time — The amount of time before a hard drive will shut down to 
conserve energy. 


Inline UPS — A UPS that continually provides power through a battery-powered circuit, 
and, because it requires no switching, ensures continuous power to the user. 

Intelligent UPS — A UPS connected to a computer by way of a serial cable so that soft- 
ware on the computer can monitor and control the UPS. 
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Joule — A measure of energy equal to the work done when a current of one ampere is 
passed through a resistance of one ohm for one second. 


Let-through — The maximum voltage allowed through a surge suppressor to the device 
being protected. 

Line conditioners — Devices that regulate, or condition the power, providing continu- 
ous voltage during brownouts and spikes. 

Line-interactive UPS — A variation of a standby UPS that shortens switching time by 
always keeping the inverter that converts AC to DC working, so that there is no 
charge-up time for the inverter. 


Multimeter — A device used to measure the various components of an electrical circuit. 
The most common measurements are voltage, current, and ohms. 


Ohms — The standard unit of measurement for electrical resistance. Resistors are rated 
in ohms. 


P-A-S-S — An acronym to help remember how to use a fire extinguisher. (Pull the pin, 
Aim low at the base of the fire, Squeeze the handle of the extinguisher, and Sweep back 
and forth across the fire.) 

Power conditioners — Line conditioners that regulate, or condition, the power, provid- 
ing continuous voltage during brownouts. 

Rectifier — An electrical device that converts AC to DC. A PC power supply contains 
a rectifier. 

Resistance — The degree to which a device opposes or resists the flow of electricity. As 
the electrical resistance increases, the current decreases. See Ohms and Resistor. 

Resistor — An electronic device that resists or opposes the flow of electricity. A resistor can 
be used to reduce the amount of electricity being supplied to an electronic component. 

Sleep mode — A mode used in many “Green” systems that allows them to be configured 
through CMOS to suspend the monitor or even the drive, if the keyboard and/or CPU 
have been inactive for a set number of minutes. See Green standards. 

Standby time — The time before a “Green” system will reduce 92% of its activity. See 
Green standards. 

Standby UPS — A UPS that quickly switches from an AC power source to a battery- 
powered source during a brownout or power outage. 

Surge suppressor or surge protector — A device or power strip designed to protect 
electronic equipment from power surges and spikes. 

Suspend time — The time before a green system will reduce 99% of its activity. After 
this time, the system needs a warmup time so that the CPU, monitor, and hard drive 
can reach full activity. 

Transformer — A device that changes the ratio of current to voltage. A computer power 
supply is basically a transformer and a rectifier. 

Transistor — An electronic device that can regulate electricity and act as a logical gate or 
switch for an electrical signal. 

UPS (uninterruptible power supply) — A device designed to provide a backup power 
supply during a power failure. Basically, a UPS is a battery backup system with an ultra- 
fast sensing device. 
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Volt — A measure of potential difference in an electrical circuit. A computer ATX power 
supply usually provides five separate voltages: +12V, —12V, +5V, —5V, and +3V. 


Voltage — Electrical differential that causes current to flow, measured in volts. See Volts. 
Voltmeter — A device for measuring electrical AC or DC voltage. 
Wattage — Electrical power measured in watts. 


Watts — The unit used to measure power. A typical computer may use a power supply 
that provides 200 watts. 


REVIEW QUESTIONS 


1. Describe three similarities a closed-circuit water system has with a closed-circuit elec- 
trical system. 


. Volts are a measure of what characteristic of electricity? 

. What is the normal voltage of house current in the U.S.? 

Why must an ammeter be installed in line with the circuit in order to measure amps? 
. Which of the three can be measured with the power off, volts, amps, or ohms? Why? 
. Describe the relationship between volts, amps, and ohms in a circuit. 

. What are the five voltages produced by an ATX power supply? 

. What are the four voltages produced by an AT power supply? 


. What is the wattage of a current of 15 amps and a voltage of 120 volts? 


. What is the difference between a transformer and a rectifier? Which are found in a 
PC power supply? 
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11. Describe the purpose of the ground line in a house circuit. Show the electrical sym- 
bol for ground. 


12. What is the basic electronic building block of an integrated circuit? 

13. Why is a power supply dangerous even after the power is disconnected? 

14. What is the symbol for a diode? 

15. What is a simple way to detect EMI? 

16. What is a closed connection between two points in a circuit called? 

17. What DVM setting do you use to determine if a fuse is good? 

18. What DVM voltage range do you use to measure house current voltage, 110V or 120 V? 
Why? 

19. With the PC power turned on, if you have set a DVM to measure voltage and place 


one probe on a ground lead of a hard drive power connection and the other probe on 
the computer case, what will be the voltage reading? 


20. List four computer symptoms that indicate a faulty power supply. 


21. If you measure the voltage of a power supply and find it to be within acceptable 
ranges, why is it still possible that the power supply may be faulty? 


22. How much power can a device use in sleep mode if it complies with Green Standards? 


594 Chapter 11 Electricity and Power Supplies 


23. Name one thing that can be set in CMOS that pertains to power management. 

24. How can you easily tell if a computer is designed to comply with Green Standards? 
25. Name two ways that a surge suppressor is measured. 

26. Using a multimeter, what will be the measurement in ohms of a good fuse? 

27. What are the two main types of uninterruptible power supplies? 

28. How does an intelligent UPS differ from one that is not intelligent? 

29. What class fire extinguisher is used for electrical fires? 


30. What does the term PASS mean when you are using a fire extinguisher? 


PROJECTS 


Energy Star Features on a PC 


Han Write down each of the power management and Energy Star features that can be set through 
CMOS on your home or lab computer. 


"i Price and Value Comparisons 


At your local computer vendor(s), compare the prices and ratings of two different surge 
suppressors. 


"i PC Power Supply Facts 
Hana Remove the cover from your home or lab PC and answer the following questions: 


1. How many watts are supplied by your power supply? (It is usually printed on the label 
on the top of the power supply.) 


Project 


2. How many cables are supplied by your power supply? 
3. Where does each cable lead? 


4. Is there a switch on the back of the power supply that can be set for 220 volts 
(Europe) or 110 volts (U.S.)? 


"i Build a Circuit to Turn on a Light 
a 1. From the following components, build a circuit to turn on a light: 


9 An AC light bulb or LED (Note: A LED has polarity—it must be connected with 
the negative and positive terminals in the correct positions.) 


Project 


o A double-A battery (Note: A 9-volt battery can cause some bulbs to blow up.) 
o A switch (A knife switch or even a DIP switch will work.) 
o Three pieces of wire to connect the light, the switch, and the battery 

2. Add a second battery to the circuit and record the results. 

3. Add a resistor to the circuit and record the results. 


4. Place an extra wire in the middle of the circuit running from the battery to the 
switch (thus making a short) and record the results. 
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Measure the Output of Your Power Supply 


Measure the power output to the system board of your computer and to the floppy drive. 
Fill in the following chart. Note that red and black leads refer to the color of the probes. 


AT System Board 


Black Lead 


Voltage Measure 


5 


8 


Ground 


Ground 


Ground 


Ground 


ATX System Board 


Red Lead 


Ground 


Black Lead 


Voltage Measure 


4 


14 


15 


16 


18 


Ground 


Ground 


Ground 
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Floppy Drive 


Red Lead Black Lead Voltage Measure 
1 3 
4 2 


| Research the Market for a UPS for Your Computer System 


For a computer system you have access to, determine how much wattage output a UPS 
should have in the event of a total blackout, and estimate how long the UPS should sustain 
the power. Research the market and report on the features and prices of a standby UPS and 
an inline UPS. Include the following information in your report: 


a Wattage supported 

I Length of time the power is sustained during total blackout 
a Line-conditioning features 

a AC backup present or not present for the inline UPS 

a Ferroresonant transformer present or not present 

a Surge suppressor present or not present 

a Number of power outlets on the box and other features 

a Written guarantees 


a Brand name, model, vendor, and price of the device 


| Using a Multimeter in Troubleshooting 


A user comes to you with a problem. He has a cable that connects the serial port of his com- 
puter to a serial printer. He needs to order more of the same cables, but he does not know 
whether this cable is a regular serial cable or a specialized cable made specifically for this 
printer. One connector on the cable is 9-pin and the other connector is 25-pin. Use a mul- 
timeter measuring continuity to answer these questions. 


1. Is this a regular serial cable? (Hint: Use your pinout results from the project at the end 
of Chapter 9, and verify with a multimeter that your expectations are correct.) 


2. If this is not a regular serial cable, but a specialized cable, give the user the pinouts 
necessary to order new custom-made cables. 


4 Detecting EMI 


‘suet || Use a small, inexpensive AM radio. Turn the dial to a low frequency, away from a station. Put 
the radio next to several electronic devices. List the devices in order, from the one produc- 
ing most static to the one producing least static. Listen to the devices when they are idle and 
in use. 
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y Total Wattage Used by Your Computer System 


e| Fill in the following chart and then calculate the total wattage requirements of your com- 
puter system compared to the rating of your power supply. Include in the chart all devices 
that draw power from the power supply. Look for a wattage rating printed somewhere on 
the device. 


Component Wattage 
Hard drive 


Floppy drive 
CD-ROM drive 


Total wattage requirements: 


Wattage rating of the power supply: 


This power supply is running at percent of full capacity. 


